The difficulty in solving nonlinear differential equations by the differential transformation method has been solved very recently by Ebaid [10] and achieved via a general formula for computing the differential transform components of any analytic nonlinear function. Accordingly, a class of singular nonlinear boundary value problems arising in Physiology has been solved in this paper using a new version of the differential transformation method. The solution procedures became easier with the help of this new general formula and the obtained series solutions agree with previous published results.
Introduction
In this paper, we consider a class of non-linear singular two-point boundary value problems of the following form ( [1] - [6] ):
where f (x, y) is assumed to be continuous, 
eqs. (1) (2) (3) are used in the modeling of the steady state oxygen diffusion in spherical cells with Michaelis-Menten uptake kinetics for m = 2 and in various tumor growth problems for m = 0, 1, 2, see ( [1] - [6] ) and the reference their in. Another example arises in the study of the distribution of heat sources in the human head ( [1] - [6] ) in which
Various analytical and numerical approaches have been proposed in ([1]- [6] ) to treat the singular two-point boundary value problems (1-3). In this paper, a new simple analytic approach is developed for further investigation of eqs. (1) (2) (3) . The present approach is based on the differential transformation method (DTM) ( [7] - [9] ) combined with a new general formula for computing the differential transform components of any analytic nonlinear function. This new formula has been introduced by Ebaid [10] and has been implemented very recently by Aljoufi [11] to solve a class of nonlinear singular differential equations in Astrophysics. It was shown in ( [10] - [11] ) that the main advantage of this new formula is that it can be applied directly to any analytic nonlinear term without a requirement to derive a differential equation for each nonlinear term which was previously suggested by Chang and Chang [12] . In addition, with the help of this general formula we can establish a single recursive relation, which is independent of the number of the nonlinear terms. In this paper, the effectiveness and the efficiency of the DTM with the help of the new general formula [10] is demonstrated by applying it to several nonlinear differential equations in Physiology. In order to do that, we begin by introducing this new general formula in the next section.
A general formula
The DT (differential transform)-components F (k) for any analytic nonlinear term f (y) can be calculated from the general formula [10] :
It is observed here that the above formula can by used directly by only imposing the nonlinear function and then using the classical differentiation. Therefore, establishing a differential equation satisfied by the nonlinear function is not longer required to evaluate the differential transform components as made in [12] . In the next section, formula (6) is directly applied for three nonlinear terms, two of them are of exponential type while the third one is of fractional type.
Applications to some nonlinearities
In this section we present some useful examples for using formula (6) to calculate the DT-components of several nonlinear functions. The results obtained in the present section will be used in the sequel to solve various nonlinear differential equations.
f (y) = e y
Here, we consider a nonlinear term of exponential-type e y . Consequently, formula (6) gives the DT-components as
Therefore
f (y) = e −y
The DT-components of the nonlinear term e −y are calculated below by applying formula (6) as
and hence
f (y) = σy μ+y
A fractional nonlinear term is considered here and formula (6) gives the DTcomponents as
,
Applications in Physiology
The efficiency of the proposed approach is discussed here. In this section, we demonstrate that the series solution obtained by the current DTM version is found simpler and easier than prior DTM methods. Furthermore, the obtained results agree with those obtained by other analytical techniques.
Example 1
Consider the following singular nonlinear differential equation
Here, we first replace the boundary condition y(1) = 0 by an initial one; y(0) = a, where a is a constant and to be determined by imposing the second boundary condition to the series solution we search for. On applying the DTM to the present initial value problem, we obtain the recurrence scheme:
On using the components F (k) as given by Eqs. (8) 
Therefore, the solution in a series form is given as 
which is the same series as obtained by Khuri and Sayfy [1] using the modified decomposition method. About the determination of a, it is already showed in [1] that a = 0.316704855297798. This value of a was obtained by the applying the second boundary condition y(1) = 0. Consequently, the series solution is now completely determined in an easy manner if compared with the standard DTM.
Example 2
In this example, we consider the following singular nonlinear differential equa-
As in the previous example, the second boundary condition is replaced by y(0) = b. The application of the DTM to the present initial value problem leads to the recurrence scheme:
where the components F (k) are already computed for the nonlinear function e −y and given by eqs. (10) . Substituting k = 0, 1, 2, . . . , 8 into (20), yields
1632960 ,
Therefore, the solution in a series form is given by
This is also the same series solution obtained by Khuri and Sayfy [1] using the modified decomposition method.
Example 3
A fractional nonlinear term is considered in the current boundary value problem ([1]- [6] ):
Here, it should be noted that the differential transform components F (k) for the complex nonlinear term; f (y) = σy μ+y were easily evaluated via the new general formula (6) and presented in eqs. (11) . Accordingly, the recurrence scheme is given below, where the second boundary condition is replaced by y(0) = c:
On using this recurrence scheme for k = 0, 1, 2, . . . , 8, we have 
Y ( 
which is also agree with the results obtained in [1] .
Conclusion
A class of singular nonlinear boundary value problems arising in Physiology has been solved in this paper using a new version of the differential transformation method. The solution procedures became easier with the help of the general formula developed by Ebaid [10] for evaluating the differential transform of any analytic nonlinear function. As a final note, we believe that the present version of the differential transform method is the simplest one in dealing with nonlinear terms which of course increases its applicability in the future.
